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Abstract 
EEG Prefrontal Asymmetry in Weight Gain Prone College Students 
Samantha R. Winter 
Background: Obesity is a continuously emergent epidemic in the Western world, 
but little is known of the nature of weight gain proneness. Knowledge of 
predisposing factors and biological correlates of weight gain is necessary for 
curbing the impact of the obesity epidemic. History of dieting and weight (body 
mass index) are shown to be reliable predictors of future weight gain. Furthermore, 
both human and animal literature suggests that differential activation in the left- 
and right- prefrontal cortices may be correlated with obesity or suggestive of some 
propensity toward weight gain. Based on this extant literature, it is hypothesized 
that individuals of different weights and different dieting histories will show 
differential brain activation at rest.  
Objectives: This study examined brain activation at rest in participants with a 
history of dieting versus those with no history of dieting across a broad weight 
range. 
Hypotheses: Those higher in body mass index (BMI) were hypothesized to 
demonstrate greater left-prefrontal asymmetry compared those in a lower weight 
range. Dieting status was expected to moderate the relationship between weight 
and prefrontal asymmetry such that overweight dieters would show marked left 
prefrontal asymmetry and low weight dieters would show right prefrontal 
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asymmetry. An exploratory analysis explored the main effect of dieting history on 
prefrontal lateralization. 
 Methods: A total of 60 participants were recruited from Drexel University and the 
surrounding Philadelphia community. Participants demonstrated a history of 
dieting or no history of or current dieting. Participants were in the normal to 
overweight BMI range (20-30 kg/m2}. Prefrontal asymmetry was assessed using a 
25-electrode EEG array during rest with eyes open and eyes closed in an alternating 
design. These data assessed the utility of prefrontal asymmetry to predict dieting 
history and weight.  
Results: There was no significant relationship observed between dieting history 
and prefrontal asymmetry, nor BMI and prefrontal asymmetry. Likewise, no 
relationship was observed between BMI, dieting history and prefrontal asymmetry 
with the inclusion of PFS, Restraint, Positive Affect and Negative Affect as covariates. 
However, an exploratory analysis revealed that higher scores on Power of Food 
Scores confer greater left prefrontal asymmetry, while higher Revised Restraint 
Scores are associated with right prefrontal asymmetry.  
Discussion: This study suggests that dieting history and BMI, when not extreme, are 
not predictive of prefrontal asymmetry using EEG. However, measures associated 
with cognitive components of eating behavior are meaningful in predicting 
prefrontal asymmetry. 
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1. Introduction 
1.1 Obesity 
 Obesity and obesity related diseases are increasing dramatically worldwide. 
In the United States, obesity has become an epidemic.  Overweight is defined as a 
body mass index (BMI) between 25 and 29.9 kg/m2 and obesity is defined as a BMI 
greater than or equal to 30 kg/m2. Recent estimates have suggested that 66% of 
adults in the United States are overweight or obese (Hedley, 2004).  
Obesity is associated with numerous conditions that threaten health and 
longevity, including cardiovascular disease, diabetes, musculoskeletal disorders, and 
several cancers (Vann Itallie, 1979; Visscher, 2001). Each year, an estimated 
112,000 Americans die from obesity related diseases (Flegal, 2005). Despite the 
high prevalence of obesity and overweight, few weight-loss treatment programs 
show successful maintenance of weight loss over long periods of time (Jeffrey, 
2000) and most prevention programs have been unable to adequately reduce the 
risk of future weight gain (Stice, 2006; Visscher, 2001). As a result of the current 
inadequacies in treatment, there is a growing necessity for emphasizing obesity 
prevention. Obesity and obesity-related disease treatment annually costs the United 
States an estimated $147 billion (CDC, 2011). Investing in prevention programs of 
such diseases, especially obesity, is far more cost-effective than treating the 
symptoms alone. Such prevention programs, however, would benefit from the 
ability to identify those individuals most prone to future weight gain, thereby 
providing prevention programs to those most likely to benefit from them.    
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1.2 Proximal Causes of Obesity 
Understanding the causes of obesity can aid in the development of 
interventions to prevent and reduce the number of overweight and obese 
individuals. Principally, weight gain and ultimately obesity are caused by a positive 
energy balance, in which caloric intake supersedes caloric expenditure. The more 
distal causes of such weight gain, however, result from numerous factors – of 
behavioral, genetic, biological and environmental etiologies.  
Behaviorally, weight gain is attained through increased consumption (often 
of highly palatable foods) and/or decreased physical activity. Current entertainment 
and many jobs require minimal physical exertion, which has promoted a more 
sedentary lifestyle that is ingrained at a young age. Additionally, the food 
environment is replete with large portion sizes and calorically dense food (Hill, 
2012). Although some are able to exercise successful volitional resistance to the 
weight-gain promoting environment and avoid weight gain, for most, this is not the 
case. The combination of low levels of engagement in physical activity and the rich 
food environment comprises what has been called the “obesogenic environment” 
that for most inherently promotes weight gain.  
It is clear that there is a significant genetic contribution to increased 
susceptibility to weight gain, but for the most part, the contribution does not 
completely explain the weight of an individual. Twin and adoption studies have 
estimated that obesity heritability is somewhere between 40 and 70% with more 
than 20 loci relating to food intake and adipocyte function (Herrera, 2010). 
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However, from twin studies, it has been determined that genetic factors explain only 
a few hundred grams of body weight per predisposing allele (Hebebrand, 2009). 
Furthermore, all known obesity-related single nucleotide polymorphisms (SNP), 
DNA sequencing variations, account for an estimated 1-3% of the variance in BMI 
(Li, 2010). Although these few hundred grams may account for some of the 
individual differences in risk, the upward shift in weight in the population at large is 
thought to be based primarily on gene expression as a byproduct of obesogenic 
environments. Thus, it is important to note that while genetic contributions heavily 
affect where an individual falls within the distribution of BMIs, on the whole, the 
upward shift in BMI is likely more attributable to the obesogenic environment than 
genetics. More specifically, while genetic components are responsible for 
contributing to the determination of an individual’s relative weight, the overall 
upward shift in average weight seen in the last 100 years is attributable to 
environmental changes rather than genetic contributions.  
Biological processes maintain a close communication between the body and 
the brain. Regulation in both the short-term and long-term is achieved via 
communication between hormones in the body and the central nervous system 
(Zheng, 2008). Biological mechanisms evolved to regulate energy balance and 
metabolic rate primarily to prevent starvation. Such mechanisms are not designed 
to avoid surplus intake, but rather to 1) compensate biologically and behaviorally 
for energy shortfalls and 2) store any excess intake in preparation for a later 
potential lack of food availability. As a result, biologically potent mechanisms not 
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only often make it harder to lose weight and make it easy to regain it, but also 
hinder weight loss and maintenance (Trayhurn, 2005).  
 The obesogenic environment encompasses numerous physical and social 
features that fuel weight gain in those vulnerable to it.  A meta-analysis by Papas et 
al (2007) indicated that lack of access to physical activity, close proximity of food 
establishments (particularly fast food), distance to daily activities (ie. average time 
spend per day in a car versus time spent walking or biking) and an unsafe 
surrounding environment were all significant risk factors for subsequent weight 
gain.  Furthermore, recent changes in the environment, including the high 
availability of inexpensive and unhealthy food, the shift to a more desired suburban 
lifestyle and more sedentary jobs have further contributed to excessive weight gain. 
Clearly, the environment, especially in combination with the behavioral, genetic and 
biological predisposing factors, contributes significantly to the cause of obesity. 
1.3 Predictors and Proxies of Obesity 
Identifying causes of weight gain is crucial in developing interventions. 
However, once the weight has already been gained, reversing the weight gain is 
often difficult and is an expensive public health burden. Thus, prevention at earlier 
stages would both ease the economic burden of treatment and provide better care. 
Furthermore, successful prevention programs will, in the long run, be a much more 
cost-effective way of curbing the obesity epidemic. Unfortunately, although the 
literature has identified numerous potential predictors of weight gain, no holistic 
profile for a weight gain prone individual has been identified. Although individual 
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predictors may be valuable, weight gain is a complex process that comprises of 
numerous factors. Thus, a multivariate approach would be more accurate in 
identifying those prone to weight gain. Dieting and weight status, two promising 
predictor candidates, often emerge as consistent correlates of subsequent weight 
gain (although no causal mechanism has been identified) (Field, 2003; Kuczmarski, 
1992; Lewis, 2000; M. R. Lowe, Annunziato, R.A., Markowitz, J.T., Didie, E., Bellace, 
D.L., Riddell, L., Maille, C., McKinney, S., Stice, E., 2006). Additional predictors 
include: parental weight, childhood weight, impaired inhibitory control (assessed 
using numerous psychological tools), increased sensitivity to reward, and impaired 
delay discounting (Anzman, 2009; Appelhans, 2012; French, 1995; Hardy, 2000; 
Wardle, 2001). Although these predictors are well supported in the literature, it is 
important to note that it remains unknown the extent to which these predictors may 
be overlapping as opposed to independent.  
1.3.1 Dieting  
 Numerous studies in both normal weight and overweight individuals have 
reliably shown attempted eating restriction to be a robust predictor of subsequent 
weight gain (Field, 2003; M. R. Lowe, Annunziato, R.A., Markowitz, J.T., Didie, E., 
Bellace, D.L., Riddell, L., Maille, C., McKinney, S., Stice, E., 2006; M. R. Lowe, Doshi, 
S.D., Katterman, S.N., & Feig, E.H., 2013). One form of restriction, dieting, has also 
been shown to reliably predict future weight gain in normal and overweight 
populations. It is important to note that dietary restraint (ie. the restraint scale of 
the TFEQ) differs from dieting in that dieting is a conscious attempt to lose weight 
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whereas restrained eaters limit intake with the goal of preventing weight gain 
(Chernyak, 2010). For this reason, the dieters are presumably limiting their intake 
substantially in order to achieve their weight loss goals whereas restrained eaters 
are limiting, but less that dieters, in an effort to avoid weight gain. Therefore, this 
dieting behavior, which often occurs cyclically, ultimately results in appetite 
dysregulation and changes in metabolic rate, which in turn promotes weight gain (C. 
P. Herman, & Polivy, J.A., 1984; M.R. Lowe, 1993; Polivy, 1985). Within the literature, 
however, it is unclear whether the dieting behavior inherently causes subsequent 
weight gain via appetite dysregulation or whether those who go on weight loss diets 
do so because of a preexisting susceptibility to weight gain. Regardless of the 
reason, the reliable nature with which dieting history predicts subsequent weight 
gain makes current or past weight loss diets a potentially potent tool for 
identification of weight gain prone individuals (M. R. Lowe, Doshi, S.D., Katterman, 
S.N., & Feig, E.H., 2013). 
1.3.2 Weight Status 
 Weight gain itself alters biological and physiological mechanisms in the body. 
As a result, assessing differences between normal weight and obese individuals 
presents the potential confound that the observed differences are a byproduct of 
weight gain itself rather than an indicator of preexisting variation between groups. 
As a result, assessing individuals who are susceptible to future weight gain, but are 
currently non-obese (ie. Overweight individuals) allows some ability to tease apart 
preexisting individual differences from weight-related biological changes. This is 
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because many in the overweight category have not yet shown the marked metabolic 
changes, generation of new adipose cells (hyperplasia) and inhibitory control 
deficits, characteristic of their obese counterparts (Drolet, 2008).  
 Furthermore, examination of those who are higher in weight has unique 
value as research has shown that those who are already overweight are likely to 
gain more weight and ultimately cross the obese-threshold (Kuczmarski, 1992; 
Lewis, 2000; Williamson, 1993). Once crossing this threshold, the customary 
characteristics accompanying obesity begin to emerge (Durazo-Arvizu, 1997; 
Engeland, 2003; Flegal, 2005; Hedley, 2004; McGee, 2005; Ogden, 2007). Thus, 
overweight individuals seem to be members of a unique group with a behavioral 
vulnerability toward additional weight gain, but not yet a biological manifestation of 
the effects of excess weight gain. For this reason, examination of biological, 
physiological and psychological variables in these overweight (but likely to become 
obese) individuals provides a window into the processes of individuals before their 
likely additional weight gain – making them a valuable research tool for examining 
both individual differences and potential predictors. 
Weight gain is a dynamic process that occurs differently in different 
individuals. Some individuals weight cycle, others consistently gain weight and 
others gain weight to a certain extent and then maintain. For those individuals that 
gain weight until they reach the overweight BMI range and never become obese, the 
accompanying health risks and physiological changes are substantially less serious 
than those associated with obesity (McGee, 2005). However, it is presumed that few 
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individuals stay in the overweight range without ultimately experiencing the 
upward shift into the obese BMI range – making both their proximity to the obese 
weight group and their propensity to gain more weight valuable. Therefore, 
addressing those overweight individuals who are still in the early and intermediate 
stages of the weight gain process, allows examination of the intermediate changes 
that may underlie the weight gain process that ultimately results in obesity.  
Once individuals are obese, they have greater difficulty maintaining weight 
loss and are unable to reverse the susceptibility to cardiac events (Ogden, 2007). 
Taken together, the predictive utility of weight status for development of obesity 
and absence of confounding biological correlates of obesity makes overweight 
individuals viable targets for secondary prevention.  Furthermore, as 
epidemiological research has established, obesity is a “pathological state”, ridden 
with health problems and increased morbidity while overweight is not. Given the 
high conversion rate from overweight to obese, it is more cost-effective to take 
preventative measures to prevent overweight individuals from gaining additional 
weight.  
1.3.3 Additional Predictors of Weight Change 
 Numerous other potential predictors of subsequent weight gain have been 
discussed in the literature. These predictors, although not directly addressed in the 
current study, include: parental BMI, weight suppression, disinhibition, sensitivity 
to reward and performance on delay discounting tasks, among others. 
Unfortunately, most of the aforementioned are not consistently correlated with 
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subsequent weight gain – likely due to the extreme variation in the design of studies. 
However, it is important to consider that single traits or characteristics may not 
have the power to predict subsequent weight gain, but rather the confluence of 
many predisposing factors create a susceptible individual. 
1.3.4 Summary 
 There is an abundance of literature noting the behavioral differences 
between normal weight and obese individuals. Such literature cites in particular an 
increased sensitivity to reward and impaired inhibitory control in obese individuals 
compared to their normal weight counterparts. Furthermore, there is a growing 
literature examining behavioral differences between historical dieters and non-
dieters. This literature also regularly underscores differences in appetitive 
motivation and inhibitory control between dieters and non-dieters. The literature 
has established that both of these populations (dieters and overweight) are 
susceptible to accelerated weight gain and they exhibit behavioral properties of at-
risk populations, but these two populations are rarely examined in concert. Some 
research suggests that these (and other) predictors independently contribute to a 
propensity toward weight gain (Harding, 2013; M. R. Lowe, Davis, W., Lucks, D., 
Annunziato, R., & Butryn, M., 2006; Savage, 2009). As such, examination of these two 
predictors concurrently is a more powerful in identifying weight gain prone 
individuals.  
Neuroimaging methods provide a means of looking at the brain to objectively 
quantify differences between populations. Although heightened sensitivity to food 
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has been addressed through many behavioral paradigms, the understanding of 
individual differences at a mechanistic level remains incomplete. Thus, in 
combination with behavioral methods, neuroscience may help to resolve the 
discrepancies in the literature, identify mechanisms unclear in behavioral measures 
and provide a model for susceptibility. Specifically, while dieting history and BMI 
are reliable in identifying some prone individuals, neither of these behavioral 
predictors elucidate why some individuals are prone while others are not. 
Neuroscience can aid in providing a mechanistic explanation of weight gain 
proneness. Such a biological and psychologically integrated model will not only be 
useful for screening purposes and for determining preexisting risk for weight gain, 
but also could be valuable in designing targeted interventions for at-risk groups.  
1.4 Electroencephalography  
Electroencephalography (EEG) is the recording of the brain’s electrical 
activity (a sum of voltage fluctuations due to ion flow in the brain’s neurons) 
through the scalp. This neuroimaging method, lauded for its precise temporal 
resolution and its diagnostic capabilities for different diseases and disorders, has 
been utilized in many paradigms with topics ranging from simple tasks of attention 
to more complex cognitive tasks and even eating behaviors. EEG is capable of 
revealing distinctive information about the brain’s activity during resting state (a 
marker that is stable over long periods of time often used to quantify individual 
differences in behavioral or cognitive predispositions between participants) as well 
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as patterns of responses to specific stimuli (evoked potentials) during an active and 
attentive state. 
The literature on drug abuse, a domain with much more extensive 
exploration in EEG than eating behavior, is a powerful example that demonstrates 
the utility of EEG in quantifying individual differences. For example, in a study 
conducted by Bauer (Bauer, 2001), fast beta waves in prefrontal EEG during resting 
state predicted relapse to alcohol or drug addiction with more accuracy than 
severity of illness, depression levels or prior conduct problems. A separate study 
(Franken, 2003) examined neural evoked responses in heroin-specific stimuli in 
abstinent addicts and healthy controls. This study found that slow positive wave 
components (SPW) discriminated heroin from non-heroin cues in the recovered 
addicts, but not healthy controls. The success of EEG in quantifying individual 
differences in the substance abuse arena provides a rationale for exploring the 
efficacy of this technique in other appetitive domains, namely eating behavior.  
1.4.1 The Prefrontal Cortex 
Numerous neuroimaging studies have underscored the importance of the 
interplay between the PFC and dopaminergic reward areas (the striatum, for 
example). However, EEG prefrontal asymmetry analyses only directly assess 
prefrontal regions, thereby providing information about those regions involved 
primarily in inhibitory control. It is, however, important to note that while 
understanding lapses in inhibitory control may facilitate a deeper understanding of 
obesity proneness, the integrative picture is likely more complex. Rather than one 
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brain region, the neural circuits and interactions between pertinent regions 
determine the holistic phenotype of weight gain proneness. While future research 
should attempt to integrate such regions, for the purposes of this study, the PFC is 
the region of interest as its role is not completely clear and adding additional 
regions will needlessly complicate the neurological picture. 
The prefrontal cortex of the brain is postulated to help mediate many high-
level cognitive tasks. Such tasks include: maintaining goals, evaluating progress 
toward end-goals and self-regulation (M. R. Lowe, van Steenburgh, J., Ochner, C., 
Coletta, M., 2009; Miller, 2001). Self-regulation (or top-down regulation) allows 
evaluation of competing alternatives that result in either action or inhibition of 
action (inaction) toward a compelling stimulus. Without this top-down regulation, 
humans would likely respond reflexively to their environment and would be unable 
to exert inhibitory control over behavioral processes driven by motivation or 
reward (Appelhans, 2009). Of note, many researchers have posited a crucial role of 
the PFC in regulating responses toward appetitive stimuli – thus guiding the 
approach toward an appetitive stimulus or coordinating the inhibition of the 
approach response.  
Studies have linked the PFC, and more specifically the dorsolateral PFC 
(DLPFC), to behavioral inhibition, behavior modification in response to 
environmental cues and mediation of reward stimulation (Appelhans, 2009; 
Ridderinkhof, 2004). Increased PFC activation in neuroimaging studies is correlated 
with inhibition of eating behavior, while impaired PFC activity is correlated with 
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increased consumption and reward sensitivity (even in a fed state). Moreover, 
overloading the PFC with working memory demands decreases the efficiency of PFC 
function and results in hedonic overconsumption (Dretsch, 2007). Longitudinal 
studies have demonstrated that prolonged impairments of PFC activation predict 
subsequent weight gain (Alonso-Alonso, 2007; Appelhans, 2012; Batterink, 2010). 
Numerous additional studies discuss the impact of reward-related neurotransmitter 
(notably dopamine) availability and metabolic activity in the PFC as moderators of 
inhibitory control of food related stimuli (Volkow, 2008). Taken together, these 
findings suggest the crucial role of the PFC in regulating eating behavior and 
coordinating achievement of long-term weight goals. 
1.4.2 Resting State Electroencephalography 
Neural activity during rest, often measured using fMRI or EEG, provides a 
unique view of the brain while metabolically active, but not engaged in any 
particular directed task. Ultimately, cognitive neuroscience aims to understand 
complex behaviors, and often examining the behaviors themselves are more 
informative with basic knowledge of individual neurological differences. 
Additionally, active and directed tasks are metabolically demanding and as a result 
may mask some basic underlying processes that are perceivable at rest. Thus, 
resting state analyses, or examination of the brain during eyes-open or eyes-closed 
rest, are often able to ascertain more trait-like differences between populations or 
individuals.  
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Individual differences in numerous domains have often been linked with 
prefrontal laterality. The alpha signal, the most frequently linked with prefrontal 
laterality is a frequency band from 8-13 Hz that is an inverse measure of neural 
activity. At rest, individuals often display asymmetrical activation of this alpha 
signal in the prefrontal cortex (PFC), such that activation in one hemisphere is 
greater relative to the other hemisphere in the PFC. As a result, an often-examined 
measure in electroencephalography is the ratio of prefrontal activation, or extent of 
prefrontal asymmetry in different groups when at rest. 
Such studies examining prefrontal asymmetry have identified numerous 
correlates of the asymmetry. Research has demonstrated that the left prefrontal 
cortex of the brain is involved in the expression and experience and production of 
positive affect and associated approach behaviors, while the right prefrontal cortex 
is related to negative affect and withdrawal-based based behaviors (Davidson, 
2004). Within this research, two distinct lines of work have emerged – one 
examining the stable traits and prefrontal asymmetry (activation in one hemisphere 
of the PFC when compared to the other), and the other examining prefrontal activity 
during transient induced experiences, or research based on psychological and 
behavioral states.  
1.4.3 Affective Theories of Asymmetry 
 Davidson and colleagues were the first to utilize prefrontal asymmetry as a 
meaningful research tool. In the use of this research tool, support for their 
hypotheses usually are based on combined left and right measurements of 
Prefrontal Asymmetry 
 
16 
prefrontal activation, but sometimes the left and right regions are examined as 
discrete entities. The first of their studies (Schaffer, 1983) examined correlations 
between scores on the Beck Depression Inventory (BDI) and measures of resting 
EEG asymmetry from both frontal (experimentally of interest) and parietal (control) 
regions. They refuted prior claims that the right hemisphere alone was involved in 
emotional processing and rather conceived that the two hemispheres are 
differentially involved in the processing and experience of emotions and each 
hemisphere is selectively responsible for coordinating the processing of a specific 
affect (ie. positive or negative). More specifically, high scorers on the BDI (more 
depressive symptoms) exhibited greater right activation in prefrontal regions when 
compared to their low scoring (few depressive symptoms) counterparts. The 
temporal stability of the BDI is not always established; therefore this finding neither 
indicates a transient state or stable trait role of prefrontal asymmetry in 
determination of affect. Regardless, this finding provided the first evidence for 
differential specialization of the right and left PFC for negative and positive trait 
affects, respectively.  
 Expansion of this work examined trait-like stable affective tendencies as well 
as clinical manifestations of affect and their relation to prefrontal asymmetry. 
Tomarken et al (A. J. Tomarken, Davidson, R.J., Henriques, J.B., 1990; A. J. Tomarken, 
Davidson, R.J., Wheeler, R.E., & Doss, R.C., 1992) demonstrated that stable left-
prefrontal asymmetry over two experimental sessions (separated by three weeks) 
correlated with higher levels of general positive affect, whereas right-prefrontal 
asymmetry in the same time course correlated with increased general negative 
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affect. Clinically, these findings are further supported by the presence of right-sided 
asymmetry in depressed, anxious and patients with other disorders. 
 Panic disorder, for example, has been associated with increased right 
prefrontal activation (less alpha signal), which is consistent with their self-report of 
generally negative affect (Wiedemann, 1999). Numerous studies on patients with 
unilateral prefrontal cortical lesions found greater incidence of depression and 
depressive symptoms in those with left-hemispheric damage compared to those 
with right hemisphere damage (Gainotti, 1972; Robinson, 1984; Sackeim, 1982). 
These lesion studies were further supported using neurologically intact depressed 
participants and EEG – and demonstrated that reduced left PFC activation is indeed 
associated with greater presence of depressive symptoms (Henriques, 1991). 
Despite the relatively stable correlations of resting state asymmetry and these 
clinical features – research has suggested that there is some state variability in 
prefrontal asymmetry. Tomarken and colleagues (A. J. Tomarken, Davidson, R.J., 
Henriques, J.B., 1990) found that induced positive affect (via passive viewing of a 
positive film) elicits relative left-sided prefrontal activation whereas state-like 
negative affect induction resulted in the opposite pattern of activation. Both trait 
and state-induced anxiety are correlated with greater relative right-prefrontal 
asymmetry (Davidson, 2002; R. J. Davidson, Jackson, D.C., & Kalin, N.H., 2000).  
 The aforementioned findings strongly suggest that left-prefrontal asymmetry 
is associated with positive affect and right-prefrontal asymmetry is associated with 
negative affect. However, extant literature suggests that state-induced anger – 
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associated with negative valence – is associated with the left prefrontal activation 
traditionally implicated in positive affective processes (E. Harmon-Jones, & 
Sigelman, J., 2001). This finding bolstered the foundation for a competing theory of 
prefrontal asymmetry – largely focused on approach and withdrawal mechanisms.  
1.4.4 Approach/Withdraw Theories of Asymmetry 
 Recent studies utilizing the method of prefrontal asymmetry have posited 
that approach and withdrawal processes, rather than affective valence, have specific 
hemispheric specialization (E. Harmon-Jones, & Allen, J.J.B., 1998). Approach and 
withdrawal processes exist in all individuals in the population, but in different 
proportions and with vastly diverse behavioral outcomes. For example, some 
individuals are highly motivated to pursue rewards regardless of the risk of 
negative consequences, while others are more motivated to avoid negative 
consequences at the expense of pursuing pleasurable activities. It is thought that 
this concept is manifested in differences in prefrontal asymmetry (Davidson, 2004; 
Elliot, 2001). Previously, greater left prefrontal asymmetry was thought to be 
associated with positive affect whereas greater right asymmetry was associated 
with negative affect. Harmon-Jones and Allen introduced a theory that there is both 
trait-like stability as well as some degree of state variability in prefrontal 
asymmetry and greater left hemisphere activation is associated with approach 
mechanisms (not necessarily involving positive affect) and the right hemisphere 
associated with withdrawal or avoidance mechanisms (not necessarily involving 
negative affect). This theory takes into account that motivation, that is approach and 
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avoidance (or withdrawal), often underlies valence, suggesting that while affective 
states are correlated with approach and avoidance tendencies, it is the motivational 
implications of the affective states that underlies the observed asymmetry. 
To demonstrate this notion, the authors created a condition of dispositional 
anger that is considered to be both of negative valence and involving approach 
(rather than withdrawal, like most other negative affective states) (E. Harmon-
Jones, & Allen, J.J.B., 1998). Through this paradigm, they demonstrated that 
asymmetry relies on motivational direction rather than affective valence. 
Participants who reported greater dispositional anger, a negative affective valence 
but also an approach inducing state, exhibited greater left- than right-prefrontal 
asymmetry. This finding was instrumental in numerous ways. First, it dispelled 
prior assertions that prefrontal asymmetry was only related to valence. Second, it 
provided a basis for future literature examining state-like variability in prefrontal 
asymmetry. Finally, it sparked an initiative for examining numerous behaviors and 
personality characteristics relating to a tendency toward approach or withdrawal 
and the corresponding prefrontal asymmetry.   
Evidence has suggested that in addition to the temporally stable trait 
prefrontal asymmetry, there is also considerable variability in prefrontal asymmetry 
correspondent to induced state (Coan, 2003). Exploration of the trait frontal 
asymmetries have been correlated with a number of externally observable 
tendencies or behaviors – for example depression and avoidance behaviors are 
associated with right prefrontal asymmetry, while aggression, behavioral tendency 
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toward activation is associated with left prefrontal asymmetry (Coan, 2004; Gotlib, 
1998; E. Harmon-Jones, & Allen, J.J.B., 1997; Schmidt, 1999; Sutton, 1997; 
Thibodeau, 2006). Another subset of the literature examines state-like changes in 
EEG prefrontal asymmetry concurrently with vacillations in affective and behavioral 
states (Coan, 2003; Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Ekman, 1993; 
Hagemann, 2002; E. Harmon-Jones, & Sigelman, J., 2001; E. Harmon-Jones, 
Abramson, L.Y., Sigelman, J., Bohlig, A., Hogan, M.E., & Harmon-Jones, C., 2002). This 
complex interaction between individual differences, trait-like and heritable 
asymmetry and some state-based variability provides a great deal of potential 
variables to explore.  
1.4.5 Eating Behaviors and Prefrontal Asymmetry 
One potential behavioral proxy that has only just begun to be examined in 
this arena pertains to tendencies regarding food consumption and EEG measured 
prefrontal asymmetry. This burgeoning field has the potential for compelling 
results, despite its infancy, given the extensive research regarding the high 
correlation linking approach and withdrawal behaviors, prefrontal activity and food 
consumption. Scores on the BIS/BAS (C. S. Carver, & White, T.L., 1994) – a 
psychometric measure used to assess behavioral inhibition and activation – are also 
correlated with weight. Those with a greater tendency toward approach (higher 
BAS scores) are more likely to be overweight or obese (Davis, 2007) whereas those 
with anorexia nervosa and restrained eaters exhibit higher inhibition indices 
(higher BIS scores). Furthermore, numerous other measures have indicated that 
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impulsivity and other approach-type behaviors are correlated with overweight and 
obesity, whereas successful inhibitory control is associated with maintenance of 
normal weight and in some cases, anorexia nervosa (AN).  
Additionally, clinical findings have suggested that the PFC and PFC laterality 
plays a crucial role in mediation of eating behavior (Alonso-Alonso, 2007). 
Hyperactivity of the right PFC, seen in some epilepsy patients, often leads to 
restrained eating and anorexic symptoms (Uher, 2005). Additionally, greater 
cerebral blood flow in the left prefrontal regions is associated with some overeating 
conditions (L. J. Karhunen, Vanninen, E.J., Kuikka, J.T., Lappalainen, R.I., Tiihonen, J., 
& Uusitupa, M.I.J., 2000). Taken together, the relationship between eating, prefrontal 
asymmetry and approach/withdraw theories suggests that utilizing EEG to 
elucidate mechanisms seemingly involved in eating behaviors may be efficacious 
downstream in developing prevention programs.  
Two experimental studies relating eating behavior to resting state prefrontal 
asymmetry have been conducted to date. Silva and colleagues (Silva, 2002), found 
that normal weight restrained eaters (measured by Herman and Polivy’s Restraint 
Scale) demonstrated greater right- than left- resting state prefrontal asymmetry 
compared to their unrestrained counterparts. This finding is consistent with the 
extant literature in that this sample of restrained eaters has successfully stayed in 
the normal weight range, which suggests that these individuals exercise successful 
inhibitory control. Conversely, Ochner and colleagues (Ochner, 2009) found that 
among overweight and obese participants, measures of disinhibition and appetitive 
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responsivity were correlated with greater left- than right- prefrontal asymmetry. 
Although the populations in these two studies are likely starkly different in both 
physiological and psychological variables, this finding suggest that individuals 
differentially susceptible to food specific disinhibition show different patterns of 
lateralization. Furthermore, in concert, the findings suggest that lateralization may 
change as a byproduct of weight gain, although the extent of this contribution has 
not been wholly quantified. As greater right- than left- prefrontal asymmetry is 
associated with a trait tendency toward inhibition and greater left- than right- 
asymmetry is associated with a tendency toward approach, these findings both 
support the general theoretical framework and suggest the potential efficacy of 
utilizing prefrontal asymmetry as an indicator of propensity towards certain eating 
tendencies.  
Despite the abundance of compelling asymmetry findings in the literature, it 
is important to take note of the assumptions made in the vast majority of these 
research studies. There exists ample evidence suggesting that resting state 
prefrontal asymmetry is a proxy of general predispositions toward global traits. Yet 
within this domain, a number of extremely specific behaviors emerge as correlates 
of resting state asymmetry (for example, eating behaviors, gambling, addiction, etc). 
Despite numerous significant findings in the literature, it is still unknown how these 
specific domains map onto the more general functions of approach/avoidance and 
affect and exactly what role prefrontal asymmetry plays in these processes. Thus, 
significant findings in these specific domains should be interpreted with caution, as 
they are unable to address why such asymmetrical differences occurred.  
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It is also important to note, that the relationship between right and left 
hemispheric activation is not a zero-sum total. Some research has suggested that 
individual processes in each prefrontal hemisphere may vary independently and be 
of interest in addition to the difference in activation between the hemispheres 
(Allen, 2004; R. J. Davidson, Jackson, D.C., & Larson, C.L., 2000). Blunted right-
prefrontal asymmetry does not unequivocally suggest increased left-prefrontal 
activation – nor does the converse hold true. Rather, prefrontal asymmetry likely 
reflects some integrated and some orthogonal neurological processes such that both 
the activation of each individual hemisphere and the ratio between the hemispheres 
are important in ultimate determination of behavior.  
1.5 The Current Study 
The current study, a subset of a large and already initiated project, aimed to 
determine if there was a correlation between resting state asymmetry and 
behavioral indicators of weight gain proneness. Specifically, individuals with a 
higher BMI are susceptible to additional weight gain. Additionally, those with a 
history of dieting are also considered weight gain prone. Together, these 
independent predictors were thought to be especially powerful in predicting obesity 
proneness. It was hypothesized that those who have a higher BMI or have a higher 
BMI and a history of dieting would have greater left- than right- prefrontal 
asymmetry than normal weight individuals. Conversely, it was hypothesized that 
those who were normal weight individuals with a history of dieting, considered 
successful inhibitors, would show greater right- than left- prefrontal asymmetry 
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than their non-dieting and overweight counterparts. This is because normal weight 
historical dieters presumably had two relevant characteristics – increased arousal 
and appetitive predisposition toward consumption of palatable foods and also a 
strong inhibitory practice of resisting this predisposition and minimizing its effects. 
Therefore, these normal weight dieters were thought to have a different pattern of 
asymmetry reflecting both a predisposition toward food approach but also a 
successful pattern of avoidance. Additional measures of general affect and 
approach/withdraw (not food specific) were included to ascertain whether any 
prefrontal asymmetry is specific to a relationship with food, or indicative of a more 
global tendency.  
This research has the potential to contribute to the extant literature in a 
variety of ways. Though a few studies have used prefrontal asymmetry to examine 
food-related research questions, this study could add to this literature. First, it is the 
first study that directly compared asymmetry with BMI as a continuous variable of 
interest. Thus, it could have potentially exposed a novel biological correlate of 
weight gain proneness prior to marked physiological changes that result from 
significant weight gain.  Second, this study combined behavioral markers of weight 
gain proneness with a well-established technique of examining trait-like time-stable 
individual differences. This had the potential to inform prevention and treatment of 
obesity. Finally, this study attempted to broaden the work with restrained eaters 
and prefrontal asymmetry to examine “unsuccessful” restrained eaters – or those 
with a history of dieting who have not been successful in maintaining a lower weight 
despite efforts to avoid weight gain. This could have revealed a biological marker 
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indicative of weight gain proneness that could contribute to the prediction of weight 
gain proneness above and beyond behavioral predictors.   
 
2. Methods 
2.1 Participants 
Sixty female participants aged 18 to 30 were recruited for this study from 
Drexel University and the surrounding Philadelphia community. Participants were 
recruited through announcements in Drexel University psychology classes, flyers on 
campus and around the city of Philadelphia, and through Sona Systems, a Drexel 
website that allows undergraduate students to participate in psychology research 
conducted by the university. Participants were told that the study aims to determine 
the brain activity when at rest and when viewing images of food when full and when 
hungry. 
In order to be eligible for the study, participants must be right handed and 
have a body mass index (BMI) between 20kg/m2 and 30 kg/m2. Exclusion criteria 
were: use of a medication that affects energy expenditure; body weight or brain 
function; history of an eating disorder (Anorexia Nervosa, Bulimia Nervosa, or Binge 
Eating Disorder as determined by self-report with the “Dieting and Weight History 
Questionnaire); presence of a medical or psychiatric condition that may limit one’s 
compliance with the study procedure; current smoking; current dieting; and 
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inability to consent to the protocol. A written informed consent was obtained from 
all participants prior to participation.  
2.1.1 Comparison Groups 
 Participants were divided into two groups among the dieting dimension 
based on their self-reported history of dieting (as indicated on the Dieting and 
Weight History Questionnaire). Those who reported no history of weight-loss 
dieting are defined as Nondieters (NDs). Those who were currently dieting were 
excluded from the study. Those who have been on 1 or more diets to lose weight, 
with at least one in the last 2 years were defined at Historic Dieters (HD). Weight 
status (as determined by BMI) will be measured and treated as a continuous 
variable. 
 2.1.2 Hunger Status in the Current Study 
 Much of the previous literature has examined weight gain prone individuals 
both when fasted and when fed or preloaded (Ely, 2013; Le, 2006; M. R. Lowe, van 
Steenburgh, J., Ochner, C., Coletta, M., 2009; Stoeckel, 2008). In the current study, 
participants’ EEG was recorded after a 6-hour fast and within an hour of a 400-600 
kcal meal to control for any difference in prefrontal asymmetry when hungry and 
sated. We tested if this factor had main or interactional effects on dependent 
measures, and when necessary, hunger status was included as a covariate in 
subsequent analyses. 
2.2 Procedures 
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Interested individuals were directed to the study website where they read a 
brief description of the study. They were asked to complete a 5-minute online 
screening questionnaire using Qualtrics, a secure online survey software. If the 
individual was able to complete the questionnaire without indicating anything 
exclusionary, they were prompted to provide their name, email address and phone 
number. Study coordinators will then contact participants by email to schedule an 
in-person screening visit.  
 At the in-person screening visit, a study coordinator obtained informed 
consent from the participants. Participants then had their height and weight 
measured and subsequently completed a series of screening questionnaires to 
further determine their eligibility, including (1) a demographic sheet, (2) a basic 
health-related information sheet (including information on height, weight, smoking 
status, and current medications), (3) a questionnaire assessing diet and weight 
history, (4) a questionnaire assessing food preferences, (5) Herman and Polivy 
Restraint Scale, (6) Positive and Negative Affect Scale (PANAS) (Trait), (7) Power of 
Food Scale, and (8) Revised Restraint Scale. More detail is provided about these 
measures below. Following completion of all questionnaires, the study coordinator 
reviewed the materials and determined eligibility for the EEG portion of the study. 
All participants who completed this screening process, regardless of eligibility, were 
compensated $10 for their time.  
If eligible, the participant was randomized to fed/fasting visit order. The two 
EEG visits were scheduled and instructions regarding visit preparation were given. 
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Fasted participants were instructed to only consume water beginning six hours 
prior to their scheduled visit time. For the fed visit, participants were asked to eat a 
meal consisting of approximately 400-600 calories (kcal) one hour before their 
scheduled visit. Examples of both breakfast and lunch meals with those approximate 
caloric values are provided on the instruction sheet. Participants were also asked to 
abstain from tobacco, alcohol and drug use for 24 hours prior to their visits.  
At the first of the two EEG visits, informed consent for the EEG portion of the 
study was obtained. The EEG portion of the protocol was identical for both visits. 
First, resting state EEG recordings were obtained for approximately ten minutes. 
Participants were asked to look at fixation cross with minimal movement for two 
minutes and fifteen seconds. They were then instructed to close their eyes for the 
same duration of time. Each condition (eyes open and eyes closed) was then 
repeated. Next, participants completed a short questionnaire probing hunger level. 
Then, they viewed 80 pictures of food in succession and were prompted to answer 
the question “is this food delicious?” with a mouse-click after viewing each item in 
order to probe differences between groups in their response to viewing highly 
palatable and moderately palatable food images (not used for the present study). 
EEGs were recorded using a stretch cap with 25 scalp electrodes connected to an 
EEG amplifier and digital recording device. Two additional electrodes were placed 
next to and below the left eye to record any blinks or other major eye movements in 
order to exclude them from analyses, as such movements disrupt recordings.  
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On the first visit, following the EEG recordings, the study coordinator 
conducted a semi-structured interview with the participant asking about any 
episodes of loss of control over eating during the last three months. A series of 
questionnaires were then administered, including (1) Morningness-Eveningness 
Scale, (2) Pittsburgh Sleep Quality Index, (3) Eating Inventory (21 item version) (4) 
Power of Food Scale (PFS), (5) Behavioral Inhibition and Activation Scale, (6) 
PANAS (State), (7) Body Image Assessment for Obesity, and (8) Menstrual Status, 
Medication, and Sleep Questionnaire. After the second visit, they again complete 
donly the PFS, PANAS (State), and Menstrual Status, Medication, and Sleep 
Questionnaire. The measures relevant to this study are explained below.  
Following completion of the second study visit, participants were 
compensated either $30 or 4 extra credit points plus $10.  
2.3 Measures 
Only the measures pertinent to the analyses of the present study are 
discussed in detail below.  
2.3.1 Diet and Weight History Questionnaire (Witt et al, 2013). The DWHQ 
is designed to gain a detailed history of an individual’s attempts at dieting as well as 
historical fluctuations in weight. The information provided about current dieting 
status and past diets will be used to categorize participants as non-dieters (those 
who have never dieted to lose weight), historical dieters (those with at least one 
weight loss diet in the last two years) or ineligible (current dieters and all others). 
Additionally, the DWHQ measures weight suppression (WS), which has been 
Prefrontal Asymmetry 
 
30 
suggested to be related to future weight gain and may interact with dieting status in 
its effect on outcomes, although this measure will not be directly assessed in the 
current study.  
2.3.2 Hunger Assessment (Friedman, Ulrich & Mattes, 1999). Participants 
will be instructed to report current hunger level, desire to eat, fullness and amount 
they believe they would currently be able to consume on a 9-point scale at both EEG 
visits. This measure will be used to determine if hunger has a within-subjects effect 
on prefrontal asymmetry and may be considered as a covariate in analyses. If there 
is no significant asymmetry difference between the hunger conditions, they will be 
collapsed for subsequent analyses.  
2.3.3 Body Mass Index. BMI will be assessed at the screening visit, 
approximately one week prior to the EEG visits. Weight (in lbs) and height (in 
inches) will be measured twice with shoes and outer layers removed, using a 
calibrated scale and attached stadiometer. Averages for weight and height will be 
calculated and BMI will be calculated using the average values. BMI will be used to 
assess eligibility and is a main predictor variable in analyses. 
2.3.4 Demographic Information. A questionnaire will be used to identify 
general demographic information. Participants will be asked to report age, ethnicity, 
race, smoking status and current medication use.  
2.3.5 Positive and Negative Affect Schedule (Watson, Clark, & Tellegen, 
1988).  Both the trait version (at screening) and state version (at both EEG visits) 
will be administered. The PANAS consists of positive and negative mood scales 
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designed to assess affective tendencies in general (trait) or affect “at the present 
moment.” These scales are shown to be highly internally consistent, uncorrelated 
and stable. As prefrontal asymmetry is posited to be related to affect, this 
relationship will be examined and if a relationship is observed, the PANAS will be 
used as a covariate in analyses.  
2.3.6 BIS/BAS Scales (C. S. Carver, & White, T.L., 1994). Participants will 
complete the BIS/BAS scale during the first EEG study visit. The BIS/BAS scale is 
based on a theory proposed by Gray that two major dimensions of personality are 
anxiety (or anxiety proneness) and impulsivity (C. S. Carver & White, 1994). These 
systems, often called the Behavioral Inhibition System and Behavioral Activation 
System, are thought to regulate aversive and appetitive motivation, respectively. 
This scale has often been used as a proxy for tendency toward approach and 
withdrawal, and approach/withdraw has been consistently related to prefrontal 
asymmetry, these scores will be considered as a covariate for analyses.  
2.3.7 Edinburgh Handedness Inventory (Oldfield, 1971). This handedness 
inventory will be administered at the screening visit to determine eligibility (left 
handed individuals will be excluded due to differences in neural patterns). The 
Edinburgh handedness inventory demonstrates good reliability and validity and has 
been used in prior asymmetry research (Ochner; A. J. Tomarken, Davidson, R.J., 
Wheeler, R.E., & Doss, R.C.). 
2.3.8 Power of Food Scale (Michael R. Lowe et al., 2009). The abbreviated 
Power of Food Scale used in this study is a 15-item self-report questionnaire that 
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examines the effect of the food environment on thoughts and feelings. A factor 
analysis revealed a three-factor structure: (1) food available, (2) food present and, 
(3) food tasted; these factors each examine responses to food independent of 
attempts to restrain eating behavior. The PFS 15-item scale has a high Chronach’s 
alpha (0.91) as well reliability; the four month test-retest reliability in the sample 
was adequate, r = 0.77. 
2.3.9 Revised Restraint Scale (Polivy, Herman & Howard, 1988). 
Restrained eating was measured with the 10-item Revised Restraint Scale (Polivy, 
Herman, & Howard, 1988) to divide participants into restrained and unrestrained 
eaters. This scale has high internal consistency among “normal” (Cronbach’s α = 
0.78 – 0.86) and test-retest reliability (r = 0.95; (Allison, Kalinsky, & Gorman).  
(Johnson et. al., 1983; Ruderman, 1983; Klem, Klesges, Bene & Mellon, 1990; Polivy 
et al, 1988). 
3. Hypotheses 
Primary Hypotheses  
1. A main effect of BMI on prefrontal asymmetry was hypothesized. 
Participants with a higher BMI are expected to demonstrate higher 
left prefrontal asymmetry than their low BMI counterparts 
2. An interaction between BMI and dieting status on prefrontal 
asymmetry was hypothesized. Based on prior research, dieters in 
the higher BMI range are expected to have higher left prefrontal 
asymmetry whereas dieters low in BMI (conceptualized as 
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successful dieters) were expected to show right prefrontal 
asymmetry.  
Exploratory Hypothesis 
1. The current study examined whether there is a main effect of dieting 
status on prefrontal asymmetry (with BMI held constant). Prior 
research suggests that restrained eaters will show right prefrontal 
asymmetry (Silva, 2002), but no existing studies have examined 
prefrontal asymmetry in those with a history of dieting.  
2. Prior literature suggests that there is a relationship between 
approach/avoidance tendencies and prefrontal asymmetry. The 
current study will attempt to replicate these findings. It is expected 
that those with higher BIS scores (on the BIS/BAS) will show left 
prefrontal asymmetry whereas those higher in BAS scores will show 
right prefrontal asymmetry. 
4. Data Analysis Plan 
4.1 Data Processing 
EEG was recorded using a stretchable lycra cap with 25 embedded electrodes 
that will be interfaced to a DBPA-1 amplifier/digitizer (Senorium Inc., Charlotte, 
VT). Vertical and horizontal eye movements were recorded from two electrodes 
placed next to and below the left eye. During recording, electrodes were referenced 
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to electrode Cz and the average between the left and right mastoid electrodes. For 
analysis, data were re-referenced to the average reference.   
Data were collected during 4 135-second trials, 2 with eyes open and 2 with 
eyes closed, presented in an alternating order. Electrode impedances are kept below 
20,000 Ohms (per manufacturer recommendation) and data were collected using a 
sampling rate of 256 Hz. Data were bandpass filtered at 0.02-100 Hz. EEG signals 
will then be amplified 20,000 using the DPBA-1 Sensorium data acquisition system 
(Sensorium Inc) and digitized.  
Following acquisition, data were re-referenced to the average reference, all 
non-EEG channels were removed (optical channels and mastoid) and same 
condition trials from each session were concatenated. A secondary bandpass filter is 
applied at 2-55 Hz. Independent component analyses (ICA) was conducted in order 
to ready data for artifact rejection and interpolation. Automatic artifact detection 
(utilizing CleanLine and Adjust on the EEGLAB platform), followed by visual 
inspection was used to remove gross artifacts attributed to eye blinks, muscle 
activity, electrical noise and movement. Artifact-free epochs of data were extracted 
through a Hanning window. Fast Fourier Transformation (FFT) was applied to 
artifact free epochs with an overlap of 50%. Power density was then computed for 
the alpha band (8-13 Hz) by summing power values across each 1-Hz bin within a 
band and dividing by the number of bins. Mean alpha power was computed 
separately for eyes open and eyes closed conditions. Then, a simple mean value of 
mean alpha power was computed (Silva, 2002; A. J. Tomarken, Davidson, R.J., 
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Wheeler, R.E., & Doss, R.C., 1992). Finally, mean alpha power was log transformed to 
normalize the data distribution.  
Frontal asymmetry scores were computed by subtracting the log-
transformed power value in the alpha band (8-13 Hz) obtained at the left frontal 
electrode F3 from the corresponding homologous value at the right frontal electrode 
F4 (F4-F3). Because alpha power is inversely proportional to the magnitude of 
neural activation, positive scores indicated greater left-sided neural activity (greater 
alpha power density on the right than left). Likewise, negative asymmetry scores 
indicate greater right-sided neural activity. Of note, numerous studies have 
demonstrated that differences in prefrontal asymmetry reflected prefrontal 
processes and not hemispheric differences in general (Ochner, 2009; Silva, 2002). 
MATLAB was used to determine means and standard deviations for all power 
values. 
4.2 Data Analysis 
The data analysis plan mimicked that of Ochner et al (Ochner, 2009). 
Prefrontal brain asymmetry in the alpha band during rest was calculated by 
subtracting F3 power from F4 power (F4-F3) for eyes-open and eyes-closed 
conditions separately, as has been used in numerous studies (Davidson et al., 1990; 
Ochner, 2009; Silva, 2002). An additional, exploratory method examined 
independently left (F3) and right (F4) power in the alpha band in order to examine 
independent contributions of left and right prefrontal regions as a potential further 
explanation of behavioral differences between individuals. 
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Hierarchical multiple regression analyses was used to test whether dieting 
status, BMI and their interaction significantly predicted resting state prefrontal 
asymmetry. All variables included in computing interactions will be centered. Cross-
sectional analyses were examined by entering any pertinent covariates in the first 
block, followed by BMI and dieting status in the second block and the interaction 
term in the final block. All variables within each block were entered simultaneously 
and were not interpreted unless the block itself is significant (Cohen, 1983).  
All analyses were conducted using R, version 3.1 
4.3 Power analysis 
A power analysis for the primary regression analyses on predictive utility of 
dieting history and weight on prefrontal asymmetry scores was conducted using G 
Power Version 3.1 (Faul, 2009). It was determined that a sample size of 68 would 
achieve 80% power to detect a medium effect size of f2 = 0.15 with an alpha criterion 
of p = 0.05. Our design will approximate the required sample size to detect a 
medium effect size.  
5. Results 
A total of 67 participants were enrolled in the EEG portion of the study. One 
had to be excluded because she withdrew from the study prior to completion. Two 
additional individuals were excluded because their dieting history was unknown. 
Behavioral Results were analyzed for a total of 64 individuals – 33 with no history of 
dieting and 31 with a history of dieting. However, in the eyes open and eyes closed 
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conditions, an additional 6 and 7 of the participants were removed, respectively, due 
to highly corrupted data. All participants were normal or overweight women (BMI < 
30). See demographic information in table 1 (in appendix).  
Mean and standard deviation scores (SD) were calculated for scores on all 
relevant measures, as well as prefrontal asymmetry scores (see table 2). Separate 
analyses for each variable of interest, as well as the full model are discussed below.  
Independent samples t-tests were run to evaluate any pre-existing differences 
between the groups of historical dieters and non-dieters. There was no significant 
difference in BMI of the dieter and non-dieter groups, t(61.94) = 0.02, p = 0.98.  
Furthermore, t-tests were performed examining differences in any cognitive 
variables of interest by dieting history. Historical dieters demonstrated increased 
negative affect scores (PANAS – NAS) compared to non-dieters as well as elevated 
Restraint Scale scores. When relevant, these two measures will be used as 
covariates in subsequent analyses (see table 3).  
5.1 Prefrontal Asymmetry 
There was no significant difference by hunger state in prefrontal asymmetry 
scores indicating that the fasted versus fed within-subject manipulation had no 
effect on observed prefrontal asymmetry in either the eyes open or eyes closed 
conditions, t(110.18) = -0.18, p = 0.86; t(107.99) = -0.88, p = 0.38, respectively). 
Thus, for subsequent analyses, a total eyes-open asymmetry score and total eyes-
closed asymmetry was calculated by collapsing across the hunger variable. 
Additionally, a supplementary method for computing asymmetry was conducted (a 
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ratio of F4-F3/F4+F3), but did not yield significant results for any of the variables of 
interest, therefore it will not be discussed below. 
5.1.2 Dieting and Prefrontal Asymmetry 
Independent samples t-tests indicated that there was no significant 
difference in eyes-open prefrontal asymmetry between non-dieters and historical 
dieters, t(55.25) = 0.97, p = 0.34. Furthermore, dieting history was not related to F3 
or F4 alpha power, respectively, t(55.94) = -0.22, p = 0.83; t(55.92) = -0.06, p = 0.95. 
In the eyes-closed condition, similarly, prefrontal asymmetry was not related to 
dieting history, t(47.19) = -1.05, p = 0.30, nor were the individual electrode power 
values (F3 and F4 respectively), t(48.86) = -0.79, p = 0.43; t(47.75) = -0.91, p = 0.37. 
Furthermore, an ANCOVA revealed no significant interaction of hunger status on the 
relationship between history of dieting and prefrontal asymmetry, F(1, 56) = 0.11,  p 
= 0.74, p2 < 0.01.  All results remained non-significant when restraint scores (RRS 
total score) and negative affect (PANAS-NAS) were included as covariates. 
Additionally, both total number of and average amount of weight lost on 
historical diets was totaled for all historical dieters in the sample (n = 29). Total 
number of prior diets ranged from 1-11 (M = 3.196, SD = 2.68) and average weight 
lost on historical diets ranged from 0-64 pounds (M = 14.63, SD = 12.70). A 
secondary exploratory analysis examined whether frequency of dieting or amount 
of weight loss was related to prefrontal asymmetry. Neither number of historical 
diets nor weight loss predicted prefrontal asymmetry, F(1,25) = 2.15, p = 0.15; 
F(1,26) = 0.57, p = 0.45. After exclusion of an extreme weight loss outlier, greater 
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amounts of weight loss in all historical dieters trended toward predicting greater 
relative prefrontal asymmetry in the eyes open condition, F(1,25) = 3.031, b = -0.02, 
se(b) = 0.01, p = 0.09. Results from this, however, should be interpreted with 
caution, as the data are not normally distributed and are not upheld with a 
transformation, F(1, 25) = 1.63, p = 0.21. There were no significant findings in the 
eyes closed or single electrode conditions.  
5.1.3 BMI and Prefrontal Asymmetry 
Contrary to pre-test hypotheses, no significant correlations emerged 
between BMI and prefrontal asymmetry in either the eyes-open or closed 
conditions. Results from the bivariate linear regression analyses are shown below in 
table 4. ANCOVA analysis revealed no interaction of hunger status on the 
relationship between BMI and prefrontal asymmetry, F(1, 56) = 0.04, p = 084, p2 < 
0.01. All results remained non-significant with restraint scores and negative affect 
included as covariates.  
5.1.4 The Full Model 
A sequential linear regression as described above was computed. In the first 
block, PANAS Positive Affect, PANAS Negative Affect, and all subscales of the 
BIS/BAS were assessed as predictor variables. In all conditions (asymmetry eyes-
open and eyes-closed and independent electrodes power), none of the predictors 
were significant and none of the full models were significant. In block two, diet 
history and BMI (centered) were added to the regression. Again, no independent 
predictors were significant in any of the conditions, nor were the full models. In the 
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final step, the interaction between dieting history and centered BMI was entered. In 
this regression, too, there were no significant predictors nor was the model 
significant.  
5.2 Redirection of Study Aims 
Given the null results of both the primary and secondary hypotheses, an 
additional analysis was conducted examining appetitive drive/hedonic hunger (as 
measured by the Power of Food Scale) and Restrained Eating (as measured by the 
Revised Restraint Scale) with respect to prefrontal asymmetry. Both the Power of 
Food Scale (PFS) and Revised Restraint Scale (RRS) have rich backgrounds in food 
literature. Additionally, these two measures contain food-specific metrics for 
approach and avoidance, respectively – concepts abundantly explored in the 
prefrontal asymmetry literature. Below, rationales for examination of these 
measures are provided along with results.  
5.3 PFS and Prefrontal Asymmetry 
Prior literature has examined the relationship between prefrontal 
asymmetry and global tendencies toward approach and avoidance (Davidson et al., 
1990; E. Harmon-Jones, & Allen, J.J.B., 1998). These studies have reliably linked left-
prefrontal asymmetry with approach-type behaviors and tendencies and right-
prefrontal asymmetry with avoidant-type dispositions. As such, the present study 
included measures of global approach tendencies (BAS) and avoidant tendencies 
(BIS) as well as measures assessing these propensities in the food specific domain. 
The Power of Food Scale (PFS) was included as a measure of “food-approach” or 
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susceptibility to the food environment; the Revised Restraint Scale (RRS) was 
included as a measure of food avoidance.  
The Power of Food Scale (PFS, see measures section) examines the 
psychological ramifications of living in a food-replete society. Individuals with high 
PFS scores – indicating a high influence of the food environment – are generally 
higher in BMI, higher in binge-eating, and more susceptible to pathological eating 
behaviors than their low-PFS counterparts in both eating disordered and non-eating 
disordered populations (Cappelleri et al., 2009; Witt & Lowe, 2014). As previously 
discussed, a study conducted by Ochner et al. demonstrated increased left prefrontal 
asymmetry in individuals high in disinhibition and appetitive responsivity (Ochner, 
2009). In the Ochner study, the PFS was utilized as the measure of appetitive 
responsivity, providing a basis for its examination in the current study. 
Furthermore, a positron-emission tomography study (PET) demonstrated that 
obese binge-eating women showed increased left-prefrontal activity compared to 
their non-binge eating counterparts (L. J. Karhunen et al., 2000).  
Although not included in the original hypotheses for the study, prior 
literature suggested the efficacy of assessing these cognitive measures of food-
related approach and avoidance and their relationship with prefrontal asymmetry. 
First, the PFS alone was examined in relation to prefrontal asymmetry. In the eyes-
open asymmetry condition, Power of Food Total Scale scores were related to 
prefrontal asymmetry, b = 0.21, SEb = 0.09, F(1, 54) = 4.30, p = 0.04, R2 = 0.07 (see 
Figure 1). When broken down by factor, Factor 1 (Food Available) was marginally 
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significant, p = 0.08, Factor 2 (Food Present) was significantly related to asymmetry, 
p = 0.04 (see Figure 2), and Factor 3 (Food Tasted) was unrelated to asymmetry 
scores, p = 0.18. No significant results emerged in the eyes-closed condition or 
individual left and right prefrontal cortex conditions.  
5.3.1 Prefrontal Asymmetry, PFS and Restraint 
Restrained eating, or attempts to curb consumption for weight loss or 
prevention of weight gain, has been related to prefrontal asymmetry. A study by 
Silva et al. found that restrained eaters exhibited greater right prefrontal asymmetry 
than unrestrained eaters (Silva, 2002). The sample of restrained eaters in this study 
fell within the normal weight range, suggesting that these individuals exercise 
successful inhibitory control and avoidance of consistent unhealthy food choices. 
This finding provides a food-specific analog to prior work linking trait-avoidance to 
right prefrontal asymmetry. The current study assessed restrained eating (food-
avoidance) using the Revised Restraint Scale (RRS) and also examined its relation to 
prefrontal asymmetry. 
Alone, the revised restraint scale (RRS) was not significantly related to 
asymmetry, although in the eyes-open condition it did approach significance, 
F(1,56) = 2.47, p = 0.12, R2 = 0.04 (see Figure 3). There was no significant main effect 
of restraint score in eyes-closed asymmetry or singular left and right-sided alpha 
magnitude. 
The revised restraint scale (RRS), in concert with the PFS, provides a good 
metric for response to food on both sides of the spectrum – appetitive motivation 
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and attempts to curb such motivation, respectively. PFS total scores and Restraint 
scores were significantly positively correlated such that higher scores in PFS were 
associated with higher Restraint scores, r(56) = 0.48, p < 0.001. A multiple 
regression revealed that in the eyes open condition, both revised restraint total 
scores and PFS total scores were related to prefrontal asymmetry in opposite 
directions. Higher prefrontal asymmetry scores were associated with greater left 
prefrontal asymmetry, whereas higher Restraint Scores were associated with 
greater right prefrontal asymmetry (see table 5 for results of regression).  
Furthermore, when the interaction term is included, the interaction of 
centered PFS and centered restraint scores were significantly related to asymmetry, 
p = 0.01, and the whole model was significant with PFS, Restraint and their 
interaction explaining 26% of the variance in prefrontal asymmetry, p < 0.001, R2 = 
0.30, R2adj = 0.26.  See table 5 below for detailed results. When the two models were 
compared side by side, the model including the interaction term was a significantly 
better predictor of prefrontal asymmetry, p < .01. These results indicate that those 
with higher PFS scores show greater left than right asymmetry, whereas those with 
high restraint scales tend to show reduced left activation and greater right 
prefrontal asymmetry and level of restraint moderates the relationship between PFS 
and asymmetry (See Figures 4 and 5). More specifically, at low levels of PFS, 
restrained eating plays a large role in delineating those with left and right prefrontal 
asymmetry – unrestrained eaters (or low levels of restrained eating) conferred a 
tendency toward left or no asymmetry, while high restrained eaters exhibited right 
prefrontal asymmetry. However, at high levels of PFS, participants exhibited some 
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left prefrontal asymmetry, irrespective of restrained eating. These significant results 
were maintained controlling for other potential explanatory variables – BMI, dieting 
history and negative affect.  
6. Discussion 
6.1 Primary Hypotheses 
The primary aim of the study was to examine relations between diet history, 
weight (BMI) and asymmetric brain activation in the prefrontal cortex in normal 
weight and overweight individuals. Extant literature has established that obese 
binge-eating individuals tend to show left prefrontal asymmetry whereas restrained 
eaters at a healthy weight show right prefrontal asymmetry. This study aimed to 
determine whether left asymmetry is associated with a history of weight loss dieting 
(a previously identified characteristic associated with increased risk for future 
weight gain). Additionally, the study hoped to assess whether historical dieting 
would, like the restrained eaters in Silva’s work, reflect right-sided asymmetry. 
However, the findings of this current study did not establish a relationship between 
BMI, diet history and prefrontal asymmetry in our non-obese sample. There are a 
number of potential explanations for the observed results.  
One potential explanation for the lack of significant findings in the current study 
may be due to acquisition techniques utilized. In the study conducted by Silva, for 
example, a 128-channel sensor was used to measure EEG-activation. Thus, Silva was 
able to average the signal from a number of electrodes in the prefrontal regions of 
interest, which may have produced different power values than the log-transformed 
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values from a single electrode, as used in this study. Utilizing multiple electrodes 
likely reduced noise in data, perhaps revealing a relationship that would otherwise 
be masked by the variable data from a single electrode. Additionally, multiple 
electrode values likely extract neural signal from a number of regions of prefrontal 
cortex – including dorsolateral prefrontal cortex, orbitofrontal cortex and 
ventromedial prefrontal cortex. This contrasts with the single electrode method, 
which likely obtains primarily dorsolateral signals. This notion is relevant as the 
prefrontal cortex is highly complex, with both inhibitory and excitatory projections 
traveling both to and from this region. Thereby, while a selective region of 
prefrontal cortex may be singularly related to one set of behaviors and cognitive 
factors, expanding the scope of the region examined likely integrates a whole host of 
additional behaviors and factors in which the region is implicated.  
It is also possible that obesity alone or susceptibility to obesity is not related to 
left prefrontal asymmetry. In studies by Karhunen (2000) and Ochner (2009), left 
prefrontal asymmetry was not related to obesity alone, but only to the combined 
existence of obesity and appetitive dysregulation. Karhunen and colleagues (2000) 
found that obese binge eating women exhibited greater left prefrontal asymmetry 
than the non-binge eating obese and lean counterparts. Although binge eating did 
not predict prefrontal asymmetry in his sample, Ochner and colleagues (2009) 
demonstrated that disinhibition and appetitive responsivity predicted left 
prefrontal asymmetry in overweight and obese individuals. Thus, it is likely that 
overweight or obesity alone does not confer greater left prefrontal asymmetry, but 
rather it is high weight (or maybe even risk for high weight) in concert with high 
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levels of appetitive dysregulation that are associated with left asymmetry. It is 
perhaps for this reason that BMI was not related to prefrontal asymmetry in the 
current study.  
Dieters are defined as individuals with a goal of restricting their energy intake 
sufficiently to lose weight. In the short term, research has shown that they are often 
successful in both inhibition and weight loss (Lowe et al., 2013). However, in the 
long term, a history of dieting/chronic dieting robustly predicts future weight gain 
(Lowe et al., 2013). Taken together, dieting consists of two forces in opposition – 
underlying appetitive drive and inhibitory control, reflected in their inhibition of 
food intake after a preload (Lowe et al., 1991; Lowe, 1995; (Appelhans, 2009; M. R. 
Lowe, 2009; Michael R. Lowe, Doshi, Katterman, & Feig, 2013). These two forces 
likely exist to some extent in all dieters – current and historical – but not in the same 
proportion. Current dieters, for example, are successful at restricting food intake 
when dietary control is challenged by a preload (Lowe et al., 1991; Lowe, 1995), and 
thus show greater inhibitory control relative to appetitive drive following a high-
calorie preload.  Those individual who were restrained eaters but were not 
currently dieting showed the opposite eating pattern (Lowe et al., 1991; Lowe, 
1995).  
  Historical dieting, defined as one or more past diets (one in the last year), is a 
relatively new construct in the field. In the long term, historical dieting (like chronic 
dieting) predicts weight gain, suggesting that appetitive drive ultimately “wins out” 
over inhibitory control. In the short term, however, there is no means of assessing 
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the balance (or imbalance) of inhibitory control and appetitive drive in these 
individuals. Compared to current dieters who are in a state of successful inhibition 
and attentiveness to weight loss goals, the historical dieters likely show relatively 
more appetitive drive and relatively lower inhibitory control. 
Right prefrontal asymmetry is related to avoidance and inhibition. 
Additionally, prefrontal asymmetry, although often trait stable, has been shown to 
also be state dependent (E. Harmon-Jones, & Allen, J.J.B., 1998). Thus, it is likely that 
the historical dieters were not in a sufficiently high state of inhibitory control to 
demonstrate right prefrontal asymmetry. Had current dieters been included in the 
present study, however, they may have shown this right prefrontal laterality.  
Furthermore, the current study included both normal weight and overweight 
historical dieters and non-dieters, and there was no significant interaction between 
BMI (normal weight and overweight) and dieting history in predicting prefrontal 
asymmetry. In trying to encapsulate numerous constructs, this sample was likely 
extremely diverse with regard to appetitive drive and inhibitory control. While both 
high BMI and diet history have been related to other measures associated with 
prefrontal asymmetry (eg. Disinhibition, appetitive drive, restrained eating), the 
behaviors do not exist in an either/or configuration but can influence behavior 
simultaneously. Thus, the current study perhaps made assumptions that neglected 
to recognize the complex interactions of approach and avoidance in both of the 
assessed externalized behaviors. Instead, future research should examine 
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individuals who fall more purely into groups of excess appetitive drive or excess 
inhibitory control.  
6.2 Food, Prefrontal Asymmetry and the work of Harmon-Jones and Davidson  
The Power of Food Scale represents a self-report measure assessing 
appetitive drive and hedonic hunger – a food-specific equivalent to “approach” as 
defined by the prior asymmetry work done by Richard Davidson and Eddie Harmon-
Jones (Davidson, 2004; E. Harmon-Jones, & Allen, J.J.B., 1998). Seminal papers on 
“approach” by these authors have repeatedly associated such tendencies with left 
prefrontal asymmetry. Also associated with left prefrontal asymmetry, but specific 
to the food domain, are loss of control, binge eating, disinhibition and appetitive 
responsivity – constructs either directly encapsulated by or related to the Power of 
Food Scale (L. J. Karhunen, Vanninen, E.J., Kuikka, J.T., Lappalainen, R.I., Tiihonen, J., 
& Uusitupa, M.I.J., 2000; Ochner, 2009; Witt & Lowe, 2014). 
The Revised Restraint Scale, conversely, assesses desire to curb food 
consumption – a food specific measure analogous to Davidson and Harmon-Jones’ 
descriptions of “inhibition” and “avoidance”. In their work, avoidance has been 
consistently associated with increased right prefrontal asymmetry. Furthermore, 
Silva (2000) found an association between Restrained Eaters, scoring high on this 
same scale, and right prefrontal asymmetry. Literature on the restraint scale and 
restrained eating suggests that in everyday situations, restrained eaters are 
successfully inhibited, as evidenced by reduced eating in laboratory studies without 
a preload condition. However, when specific disinhibiting conditions are present – 
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for example, a palatable food preload, tasting of forbidden food, or negative affect – 
restrained eaters exhibit a tendency toward increased appetitive responsiveness, 
which manifests in overeating (C. P. Herman & Mack, 1975; Ruderman, 1986; 
Westenhoefer, Broeckmann, Münch, & Pudel, 1994). Thus, unless disinhibiting 
conditions are present, inhibitory control should predominate in restrained eaters, 
reflected by right prefrontal asymmetry.  
In the current study, PFS was associated with increased left prefrontal 
asymmetry and restrained eating showed a trend toward association with greater 
right prefrontal asymmetry. These simple effects relate nicely to findings in the 
prior literature, but the interactions between these measures present a more 
complex picture. In our sample, those high in appetitive drive (PFS) were also high 
in food avoidance and restrained eating (RRS). Thus, individuals did not show a 
disposition toward only appetitive drive or restrained eating -- “approach” or 
“avoidance” – but instead represent some combination of the two. This, in concert 
with the lack of significant findings in historical dieters, further supports the notion 
that both approach (appetitive drive) and inhibition (restraint) coexist within one 
person, but the relative strength of these constructs vary across people and across 
situations. Therefore, in the current study, rather than presence or absence of 
approach and avoidant tendencies, it was likely the relative magnitude of each that 
determined the individuals’ pattern of prefrontal asymmetry. As such, the two 
constructs were examined together in a single model.  
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Results from the full model (including both PFS and RRS) demonstrated that 
individuals low in PFS (low in appetitive drive) and high in restrained eating (high 
in inhibitory control) showed marked right prefrontal asymmetry. However, those 
low in PFS and low in restrained eating showed virtually no asymmetry at all. 
Simply, in the absence of strong appetitive drive, those who are motivated (for 
whatever reason) to restrain their eating also show neural signs of doing so 
successfully – perhaps because the drive to inhibit is not being opposed by a strong 
appetitive drive.   
For those high in susceptibility to the food environment and high in 
appetitive responsivity (high PFS), however, restraint level is no longer manifested 
in differential asymmetry. Specifically, high PFS scorers show slight left prefrontal 
asymmetry, irrespective of whether they are high in restrained eating or not. 
Essentially, appetitive drive “wins out” over attempts at inhibitory control, which 
manifests in left prefrontal asymmetry. This suggests that at high levels of both 
approach and inhibition in the food environment, approach is the stronger force.  
Taken together, it appears that attempts to restrict consumption are less 
likely to be successful at high levels of appetitive drive. However, when individuals 
are not high in appetitive drive and approach, there is a perceptible difference in 
asymmetry scores in those who are restrained and unrestrained.  
Additionally, when restrained eating and appetitive drive were examined 
alone with respect to asymmetry, they were either significant or marginally 
significant. However, when both restrained eating and appetitive drive were 
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examined simultaneously, the significance of both main effects was increased, as 
was variance explained. This suggests that the PFS and RRS acted as suppressors of 
the other; inclusion of one variable in the model strengthened the role of the other. 
Simply stated, this means that while PFS alone was informative in predicting 
prefrontal asymmetry, the role of PFS is better explained when also including a 
measure of restrained eating, and vice versa. The suppressor effect further bolsters 
the argument that restrained eating and appetitive drive do not represent a zero-
sum total – where individuals latently express one or the other. Rather, both forces 
exist in some imbalance where magnitude of one helps better explain the magnitude 
of the other. Ultimately, assessment of the relative magnitude of each force provides 
the best prediction of the direction and extent of prefrontal asymmetry.  
The findings from the current study depict the complex role of restrained 
eating and appetitive dysregulation/hedonic hunger. However, the current study 
observed significant relationships between only cognitive measures of approach 
and avoidance, not the related externalized measures and behaviors of weight and 
dieting history. In both the Revised Restraint Scale and the Power of Food Scale, 
there is some literature suggesting their efficacy in predicting future behaviors and 
weight change, but the findings are mixed. Furthermore, as is often the case with 
self-report measures, it is largely unknown exactly what tangible components of 
eating behaviors these measures assess. Therefore, while this study provides 
evidence that appetitive drive and inhibitory control are related to prefrontal 
asymmetry, the clinical utility of this evidence remains to be established.   
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6.3 Limitations 
Despite compelling findings, the present study was not without limitations. 
First, historical dieters as defined by this study were not necessarily highly 
inhibited, and therefore they did not necessarily encapsulate the intended 
“avoidant” group. Second, actual weight change was not measured in the present 
study, so we are unable to draw any conclusions regarding the predictive nature of 
prefrontal asymmetry in weight gain. Third, the present study primarily relied on 
self-report measures as predictors and correlates, rather than employing behavioral 
methods to examine these constructs – for example, using a go/no-go paradigm to 
assess inhibitory control or a sham taste test to assess hedonic hunger. Finally, all 
findings from the current data are correlational as no manipulation of predictors 
was conducted and thus, no causal inferences can be made. 
From a methodological perspective, the EEG array was relatively small, thus 
inadequate spatial sampling may have prevented detection of signals or reduced the 
signal to noise ratio (Ryynanen, Hyttinen, Laarne, & Malmivuo, 2004). Additionally, 
only two channels were examined in the analyses and although all efforts were 
made to place the cap in a consistent location on each participant, head sizes and 
shapes may have resulted in mild spatial differences in the location of electrodes of 
interest. This may have resulted in unintended individual differences in the 
differential signals from cortical and subcortical regions. A large of participants had 
some unusable data – either corrupted files or immense noise in the electrodes of 
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interest. While those excluded due to data issues did not systematically differ on any 
of the variables of interest, such high levels of exclusion diminished power.  
Furthermore, research has suggested that while EEG asymmetry can examine 
trait variables, repeated measurements of EEG on a number of days are suggested in 
order to tap into such constructs (Hagemann, 2002). The current study consisted of 
only two (2) separate test days, rather than the four (4) recommended for 
examination of trait stable behaviors. Perhaps some of the non-significant results 
discussed above were masked by state variability and lack of sufficient data. 
Although some significant relationships emerged, the effect sizes were still rather 
small, indicating that restrained eating and appetitive drive only serve to explain a 
small portion of the variance in prefrontal asymmetry. More work is necessary to 
determine other potential contributors to the individual differences in prefrontal 
asymmetry and the contributing trait and state components. 
6.4 Future Directions 
The current study lays the groundwork for a great deal of additional 
research. The lack of significant difference in historic dieters versus non-dieters 
with respect to prefrontal asymmetry, contrasted with the significant relationship 
between restrained eating scores and prefrontal asymmetry warrants further 
exploration. Defining and understanding the predictive differences between 
restrained eating and dieting is beginning to be examined, but additional work 
assessing their neural underpinnings is necessary.  
Prefrontal Asymmetry 
 
54 
The current study suggests that there is some relationship between 
appetitive drive, hedonic hunger, restrained eating and prefrontal asymmetry, but 
the clinical relevance of these findings is still undetermined. Future work should 
assess the same or similar variables, but also determine their longitudinal validity in 
predicting clinical or sub-clinical behaviors – such as weight gain, weight loss and 
development of eating pathologies. In general, more work is vital in determining the 
role of prefrontal asymmetry in assessing, examining and predicting eating 
behaviors. 
6.5 Conclusion 
Taken together, the findings from the present study suggest that approach 
and avoidance mechanisms pertaining to eating are related to prefrontal asymmetry 
in the brain. The exact mechanisms and the extent of these relationships, however, 
are still largely unknown. In the present sample, greater left asymmetry was related 
to hedonic hunger and appetitive dysregulation; greater right asymmetry was 
related to RRS scores and; restrained eating moderated the relationship between 
hedonic hunger and asymmetry at low levels of PFS. However, within this sample, 
individuals were still in a normal or overweight range and even those exhibiting 
greater left asymmetry did so at a relatively low level. Thus, this study does not 
assess the full range of asymmetrical activity observed across individuals and 
instead focuses on a subsample of individuals before reaching extreme levels of left 
prefrontal asymmetry. Examination of the full spectrum of asymmetry may 
elucidate the factors at play in the relationship between eating behavior and latent 
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prefrontal activity. Additionally, the cross-sectional nature of the study fails to 
assess the ability of prefrontal asymmetry to predict future weight change. Although 
much more research is still to be done, the findings from this study are promising 
for both understanding the nature of asymmetry with relation to eating behavior 
and also for contributing the prefrontal asymmetry literature at large.  
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Table 1.  Demographic Information 
Variable M SD Range 
BMI (kg/m2) 24.05 2.67 20.1 - 29.1 
Variable %     
Historical Dieters 
(% yes) 
48.4 - - 
Race/Ethnicity    
    African 
American 
4.7 - - 
    Asian 31.3 - - 
    Hispanic/Latino 10.9 - - 
    Other/multiple 6.2 - - 
    White 46.9 - - 
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Table 2. Means and SD for measures  
  N Range   Mean              SD 
Measures     
PFS Total 58 20 - 61 39.66 10.69 
PANAS Positive Affect (Trait) 57 19 - 48 35.63 5.68 
PANAS Negative Affect (Trait) 57 10 - 28 17.78 5.14 
BAS Drive 58 5 - 16 11.14 2.36 
BAS Fun Seeking 58 8 - 16 12.09 2.24 
BAS Reward Responsiveness 58 14 - 20 18.22 1.49 
BIS 58 15 - 28 21.98 2.81 
Revised Restraint Scale (RRS) 58 11 - 34    22.21             5.06 
     
Asymmetrical Activation     
Prefrontal Asymmetry Eyes Open 58 -1.23 - 1.01 -0.21 0.53 
Prefrontal Asymmetry Eyes Closed 57 -1.09 - 0.32 -0.29 0.37 
F3 Eyes Open 58 -5.53 - 8.95 0.14 3.39 
F4 Eyes Open 58 -5.69 - 7.87 -0.07 3.37 
F3 Eyes Closed 57 -3.04 - 9.15 3.18 3.05 
F4 Eyes Closed 57 -3.47 - 9.37 3.89 3.07 
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Table 3. Predictor Variables by Dieting Status – Independent Sample t-tests 
Predictor Variables Historical Dieter Non-Dieter t df p 
N 31 33    
PFS Total Score 41.31 38.00 -1.18 55.87 0.24 
PANAS Positive Affect 
(Trait) 34.93 36.46 0.99 49.72 0.33 
PANAS Negative Affect 
(Trait) 19.48 15.79 -2.81 48.42 0.007 
BAS Drive 11.03 11.24 0.33 55.35 0.74 
BAS Fun Seeking 12.28 11.9 -0.64 55.99 0.52 
BAS Reward 
Responsiveness 18.28 18.17 -0.26 55.28 0.79 
BIS 22.24 21.72 -0.7 55.99 0.49 
Revised Restraint Scale 24.93 19.48 -4.84 55.69 <0.01 
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Table 4. Table for Asymmetry scores and BMI 
 BMI 
Dependent Variable B SE of B p R^2 
Prefrontal Asymmetry Eyes Open 0.003 0.03 0.89 <0.01 
Prefrontal Asymmetry Eyes Closed -0.003 0.02 0.85 <0.01 
F3 Eyes Open -0.06 0.17 0.74 <0.01 
F4 Eyes Open -0.05 0.17 0.75 <0.01 
F3 Eyes Closed -0.15 0.15 0.33 0.02 
F4 Eyes Closed -0.15 0.15 0.32 0.02 
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Figure 1. Total PFS score and eyes-open prefrontal asymmetry 
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Figure 2. Factor 2 PFS Score and eyes-open prefrontal asymmetry 
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Table 5. Results from Multiple Regressions 
This table includes regression weights for a model examining (1) PFS and restraint 
and (2) PFS, restraint and the interaction between PFS and RRS. All individual 
variables in both models are significant as well as the full models. The model 
including the interaction term explains significantly more variance in prefrontal 
asymmetry than the model not including this term.  
 Eyes Open Asymmetry (F4-F3) 
Predictors B SE of B p R^2 
Intercept -0.13 0.31   
Total PFS Score 0.36 0.10 0.001  
Revised Restraint Scale Total Score -0.05 0.01 0.002  
Full Model   0.001 0.21 
     
Intercept -0.29 0.07   
Total PFS Score (Centered) 0.42 0.10 <0.001  
Revised Restraint Total (Centered) -0.05 0.01 <0.001  
PFS by Restraint Interaction 0.05 0.02 0.01  
Full Model     0.0002 0.3** 
** p < 0.1 
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Figure 3. Revised Restraint Total Score and Eyes-Open Asymmetry 
This figure illustrates the main effect of restrained eating on Eyes-Open Asymmetry. 
Although this finding is only marginally significant, it trends toward the negative 
correlation between restrained eating and left asymmetry – such that individuals 
high in restrained eating tend to exhibit greater right prefrontal asymmetry.  
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Figure 4. PFS Total Score and Eyes-Open Asymmetry by Restraint Scale  
This figure illustrates the interaction between PFS and restraint in resulting eyes-
open asymmetry. Those higher in PFS total scores exhibit greater left prefrontal 
asymmetry, while those higher in restraint exhibit higher right prefrontal 
asymmetry. Furthermore, the interaction effect suggests that those low in PFS but 
high in restraint exhibit selectively greater right prefrontal asymmetry whereas 
restraint does not seem to implicate asymmetry for those higher in PFS.  
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Figure 5. PFS Total Score and Eyes-Open Asymmetry by Restraint Scale (tertile split)  
The following is an ancillary graph of the interaction between PFS, RRS and 
prefrontal asymmetry – with restraint in a tertile split. Here, it is evident that those 
scoring moderate – high in restraint drive the interaction between PFS and RRS in 
predicting asymmetry.  
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Participant ID: _________ 
DWHQ 
1.  What is the most you have ever weighed since reaching your current height? (Do 
not count any weight gains due to medical conditions or medications). The most I 
have weighed since reaching my current height is: 
 _______ pounds  
 
2. What is the least you have ever weighed since reaching your current height? (Do 
not count any weight losses due to medical conditions or medications). The least I 
have weighed since reaching my current height is:  
 
 _______ pounds  
 
3. What is your current weight?   
 
_______ pounds 
 
4. Please determine the difference between your answer to number 1 and number 3.  
If this difference is less than 5 lbs. skip this item and go on to item 5.  If this 
difference is 5 lbs. or more, indicate which of the three following statements best 
describe this difference:  
 
A. The difference between my highest weight and my current weight is due to 
weight that I lost on purpose. 
 
B. The difference between my highest weight and my current weight is due to 
weight I       I lost even though I wasn’t trying to. 
 
C. I’m not sure why I weigh less than I once did. 
 
5. For about how long have you been at or close (within 2 lbs.) to your present 
weight?   ____________  
 
6. Which of these statements best describe what has happened to your weight during 
the past 6 months?  (circle one) 
 
 A.  My weight has stayed about the same 
 B.  I’ve been losing weight 
 C.  I’ve been gaining weight 
 D.  My weight has fluctuated a lot 
 
7. Are you currently on a diet? (circle one)    Yes         No  (If no, go to number 9)  
 
8. Are you currently dieting to lose weight or to avoid gaining weight? (circle one) 
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 To lose weight (go to #10)    To avoid gaining weight (go to #9) 
 
9. Have you ever been on a diet to lose weight?    Yes      No 
(If no, skip number 10 and 11; you are done) 
 
10. About how long ago were you last on a diet to lose weight? _______________ 
 
11. About how old were you when you went on your first diet?   ______ years old. 
 
12. Please estimate as best you can the number of times in your life you have dieted 
and purposely lost the amount of weight listed.  
 
How many times in your life have you dieted and lost:  
 
1-4 pounds?  ____ times 
 
5-10 pounds?  ____ times 
 
11-20 pounds?  ____ times 
 
21 or more pounds?  ____ times   
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ID # ________________ 
 
VERBAL MEASURE OF HUNGER 
 
Please rate the following on a 9-point scale (circle one) 
 
1) How hungry do you feel right now?  
1- Not at all 2   3      4     5      6       7       8     9- As hungry as I have ever felt 
 
2) How strong is your desire to eat right now? 
 
1- Very weak 2   3      4     5     6     7           8 9-Very strong 
 
3)  How much food do you think you could eat right now?  
1- Nothing    2      3      4     5     6     7           8 9- large amount 
 
4)  How full does you stomach feel right now?  
1-Not at all full    2   3      4     5     6     7           8  9-very full 
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DEMOGRAPHIC INFORMATION 
 
1) Date of Birth________________________ 
2)  Ethnicity (optional): 
American Indian  Asian  African American  Hispanic  Caucasian  
Other:__________ 
3) Highest level of education completed (circle one):  
  1 2 3 4 5 6 7 8 9 10 11 12  13 14 15 16 
   High School     College 
 
 
4) Do you currently smoke cigarettes? (circle one) Yes  No 
 
 If yes, 
 
 a. How many do you smoke a day? ______ 
 b. How many years have you smoked? _________ 
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PANAS Questionnaire 
 
 This scale consists of a number of words that describe different feelings 
and emotions. Read each item and then list the number from the scale 
below next to each word.   
 
Indicate to what extent you feel this way right now, that is, at the 
present moment. 
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PANAS Questionnaire 
 
 This scale consists of a number of words that describe different feelings 
and emotions. Read each item and then list the number from the scale 
below next to each word.   
 
Indicate to what extent you have felt this way during the past few 
weeks. Use the following scale to record your answers: 
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Each item of this questionnaire is a statement that a person may either agree with or disagree with.  For each 
item, indicate how much you agree or disagree with what the item says.  Please respond to all the items; do 
not leave any blank.  Choose only one response to each statement.  Please be as accurate and honest as you 
can be.  Respond to each item as if it were the only item.  That is, don't worry about being "consistent" in 
your responses.  Choose from the following four response options:  
  1 = very true for me  
  2 = somewhat true for me  
  3 = somewhat false for me  
  4 = very false for me  
_____ 1.  A person's family is the most important thing in life.  
_____ 2.  Even if something bad is about to happen to me, I rarely experience fear or nervousness.  
_____ 3.  I go out of my way to get things I want.  
_____ 4.  When I'm doing well at something I love to keep at it.  
_____ 5.  I'm always willing to try something new if I think it will be fun.  
_____ 6.  How I dress is important to me.  
_____ 7.  When I get something I want, I feel excited and energized.  
_____ 8.  Criticism or scolding hurts me quite a bit.  
_____ 9.  When I want something I usually go all-out to get it.  
_____ 10.  I will often do things for no other reason than that they might be fun.  
_____ 11.  It's hard for me to find the time to do things such as get a haircut.  
_____ 12.  If I see a chance to get something I want I move on it right away.  
_____ 13.  I feel pretty worried or upset when I think or know somebody is angry at me.  
_____ 14.  When I see an opportunity for something I like I get excited right away.  
_____ 15.  I often act on the spur of the moment.  
_____ 16.  If I think something unpleasant is going to happen I usually get pretty "worked up."  
_____ 17.  I often wonder why people act the way they do.  
_____ 18.  When good things happen to me, it affects me strongly.  
_____ 19.  I feel worried when I think I have done poorly at something important.  
_____ 20.  I crave excitement and new sensations.  
_____ 21.  When I go after something I use a "no holds barred" approach.  
_____ 22.  I have very few fears compared to my friends.  
_____ 23.  It would excite me to win a contest. 
_____ 24.  I worry about making mistakes.  
 
 
 
 
 
 
 
Prefrontal Asymmetry 
 
80 
Edinburgh Handedness Inventory 
Please let me know your preference in using your left or right hand in these tasks. 
Let me know if your preference is so strong you would never use the other hand, 
unless absolutely forced to (in this case, put two checks ( )). 
Also let me know if you are indifferent (in this case, put one check in each column (
| )). 
Some of the activities require both hands.  In these cases, I’ll let you know the part of 
the task or object I’m talking about (the part of the task or object for which hand 
preference is wanted is indicated in parentheses).   
Task/Object Left Hand Right Hand 
1. Writing   
2. Drawing   
3. Throwing   
4. Scissors   
5. Toothbrush   
6. Knife (without fork)   
7. Spoon    
8. Broom (upper hand)   
9. Striking a match 
(match) 
  
10. Opening a box (lid)   
Total checks: LH =       RH =       
Cumulative total CT = LH + RH =       
Difference D = RH – LH =       
Result R = (D/CT) x 100 =        
Interpretation (left, ambi, 
right?):  
(Left Handed: R < -40) 
(Ambidextrous: -40 ≤ R ≤+40) 
(Right handed: R > +40) 
           
 
(Right handed? Yes     No)   
 
 
 
   
 
 
